Summary
Orbit PErturbation) is a device developed at the CERN Proton Synchrotron Booster (PSB) for fast emittance measurements as well as the display of betatron amplitude distributions at any moment in the acceleration cycle.
A local closed-orbit bump, produced by three synchronously pulsed dipoles, deflects the circulating beam in a controlled way into a fixed precision aperture restriction, where it is gradually lost within about 1 ms. During the whole loss period, five ADCs simultaneously track the three dipole shunt voltages, and the beam current as provided by a beam current transformer and its derivative. In the NORD-10 Beam Measurement Computer the bump amplitude at the position of the precision scraper is synthesized from the dipole shunt signals after correction for non-linearities due to saturation in the dipole yokes and to eddy currents. The beam diameter and emittance can then be derived from this synthesized orbit bump amplitude and from the properly normalized beam current signal, and likewise the betatron amplitude distribution is computed from the derivative of the beam current and displayed. The computer also controls, via Serial CAMAC, both the multiplexing (4 rings, 2 The digitized signals are immediately transferred via Serial CAMAC to the computer. There I and dI/dt are normalized, whereas the three shunt signals are processed into one synthetic signal, the computed bump amplitude (see Fig. 1 ). If the C.O. bump would rise linearly with time, the derivative of the beam current signal would be proportional to the amplitude distribution (large amplitudes to the left). Here the bump rise is not strictly linear but even the slightly distorted "raw profile", which can be very quickly displayed, contains much qualitative information frequently sufficient to understand machine phenomena. With the help of the computed bump amplitude, it is easy to produce any kind of calibrated amplitudes profiles, series of normalized profiles to track the evolution of a beam, etc. Examples of this application are shown in Fig. 2 Taking the difference between the computed bump amplitudes yo(i) at this 'moment" and y(i), the one corresponding to the 95% crossing of the beam current, the beam radius x is obtained by x = yo(i) -y(i), where i = 1, 2 is one of the two possible polarities of the bump (in/out or up/down, for horizontal or vertical measurement, respectively). The amplitude of the unperturbed closed orbit is then, (referring to the quantities defined in Fig. 1 The hardware may be divided into ring elements (dipoles and precision scrapers), excitation system (power supplies and multiplexers) and acquisition and data transmission (CAMAC). The NORD-10 Beam Measurement Computer (temporary until passage to the new control system) and its organization is described elsewhere1. All the electronics exists only once and is multiplexed to the ring and the plane to be measured. The three stacks (of eight dipoles each) and the four precision scrapers are the only non-multiplexed elements. The dipoles2 designed for closed orbit correction, and d.c. operation up to 20 A are excited up to 100 A (beginning of saturation).
The data acquisition system is located in one dedicated Serial CAMAC crate. Its organization is depicted in Fig. 3 pulse-to-pulse intensity modulation within a supercycle), the type of pulse train, and the reset pulse used to define the measurement timing. It enables the power supplies only when the computer is ready for acquisition and data input. Preset counter 1 outputs the "FIRE" pulse triggering the bumper supplies. Preset Counters 2 and 3 control the "Acquisition Delay" (see Fig. 1 ) and the sampling interval of the ADCs.
Software
In spite of the simplicity of the method and the rather limited amount of mathematics involved, the BEAM-SCOPE software is the largest and most complex program used at present in the Beam Measurement Computer. This is a consequence of the widely varying beam properties the system has to cope with. As an experimenter watching a signal on a scope has to adjust sensitivity, sweep and delay of the scope, the BEAMSCOPE operator has to choose timing, acquisition delay and interval, and the sensitivities of the five level adapters. An interactive program is catering for the task. The setting found in general varies from ring to ring, with machine cycle (there are 8 intensity programmes), between horizontal and vertical plane and sometimes even with the polarity of the bump. In order to reduce this set-up work all these parameters of the measurement process for all combinations of operational conditions are systematically stored on disk, together with all relevant software parameters, calibration factors, etc. In fact there are two files, a "read-only" one for operational measurements and another where the experimenter can store the process parameters for "his" operating conditions. Also stored are the coefficients of the polynomial approximations of relevant lattice functions dependent on QH, QV and of magnetization curves of the 24 individual dipoles in- The whole program package comprises more than 30 individual programmes, one third of them doing measurements, the others being test, backup, calibration, and postprocessing programs to facilitate error analysis. The program is written in NORD-10 FORTRAN.
Resolution limits, error sources and Preliminary Results
Purely geometrical considerations show that there is a limit to the resolution related to the scraping speed. Resolution may become poor for those particles whose fractional Q-value q M/N, where M< N are small integers of the order < 10. This is because the scraper intercepts essentially the same phase space slice it had intercepted N turns before. Here we give just a table of the width Ar of the theoretical resolution function for Q-values not too close to these special values.
More details can be found elsewhere4. For |q-M/N < 6, Ar increases and reaches the value Ar = r[l -cos(ff/N)] for particles sitting right on the resonance M/N. In practice, synchrotron motion together with chromaticity and the Q-spread always present completely swamp extreme values of Ar. 
